Objectives: Among opioid-exposed newborns, breastfeeding is associated with less severe withdrawal signs, yet breastfeeding rates remain low. We determined the extent to which hospital, maternal, and infant characteristics are associated with breastfeeding initiation and continuation among opioid-exposed dyads. Materials and Methods: We examined breastfeeding initiation and continuation until infants' discharge among opioid-exposed dyads from 2006 to 2016. Among dyads meeting hospital breastfeeding guidelines, we assessed hospital (changes in breastfeeding guidelines and improvement initiatives [using delivery year as a proxy]), maternal (demographics, comorbid conditions, methadone versus buprenorphine treatment, and delivery mode), and infant (gestational age and birth weight) characteristics. We used multivariable logistic regression to examine independent associations of characteristics with breastfeeding initiation and continuation. Results: Among 924 opioid-exposed dyads, 61% (564) met breastfeeding criteria. Overall, 50% (283/564) of dyads initiated and 33% (187/564) continued breastfeeding until discharge. Breastfeeding initiation and continuation rates increased from 38% and 8% in 2006, to 56% and 34% in 2016, respectively. In adjusted models, infants born after reducing restrictions in hospital breastfeeding guidelines and prenatal breastfeeding education (adjusted odds ratio, aOR 2.6 [95% confidence interval, CI 1.5-4.5]) had increased odds of receiving any maternal breast milk versus infants born with earlier hospital policies. Cesarean versus vaginal delivery (aOR 0.3 [95% CI 0.2-0.6]) and length of infant hospitalization (aOR 0.94 [95% CI 0.92-0.97]) were negatively associated with breastfeeding continuation. Conclusions: Despite increasing breastfeeding rates among opioid-exposed dyads, rates remain suboptimal. Hospital-level factors were the greatest predictor of breastfeeding initiation. The findings suggest that changes in hospital guidelines and initiatives can impact breastfeeding initiation among this vulnerable population.
Introduction
N eonatal abstinence syndrome (NAS) is a postnatal drug withdrawal syndrome that can occur following in-utero opioid exposure. Amid rising rates of prescription opioids and heroin use, opioid use during pregnancy has also increased, and cases of NAS have risen fivefold in the past 15 years. 1, 2 Breastfeeding has been recognized as a highly effective nonpharmacologic treatment for NAS, which is associated with reduced need for pharmacologic treatment and shortened length of hospitalization. 3, 4 Professional organizations have strongly recommended breastfeeding among pregnant women in recovery receiving opioid agonist treatment, with adequate prenatal care, and without illicit drug use or human immunodeficiency virus (HIV). [5] [6] [7] Despite these recommendations, breastfeeding rates remain low among mothers with opioid use disorder (OUD), and reasons for this are poorly understood. 3, 8 Evidence-based hospital practices that support breastfeeding include prenatal education, early initiation of breastfeeding after delivery, rooming-in, and removal of pacifiers or other artificial nipples. Adoption of these practices through quality improvement (QI) initiatives has led to improved breastfeeding among a range of hospitals serving a diverse range of patient populations. 9 However, hospital-level initiatives supporting breastfeeding among opioid-exposed mothers have not been well described.
Maternal characteristics in the non-opioid exposed population associated with higher breastfeeding rates include non-Hispanic white race and Hispanic ethnicity, higher socioeconomic status, private insurance, adequate prenatal care, and absence of comorbid pregnancy conditions such as hypertension, lack of smoking, and vaginal delivery; infant characteristics include term delivery and normal infant birth weight (>2,500 g). 10, 11 It is unclear if these same factors are also associated with breastfeeding initiation and continuation among opioid-exposed dyads.
In addition, for pregnant women with OUD, receipt of either methadone or buprenorphine treatment is the standard of care. 12, 13 Women with OUD are more likely to have comorbid psychiatric diagnoses and hepatitis C. 14 It is unknown whether methadone versus buprenorphine, comorbid psychiatric diagnoses or prescribed medications to treat such diagnoses, or hepatitis C impact breastfeeding initiation or continuation.
The first objective of this study was to examine rates of mothers who met criteria for breastfeeding per hospital guidelines and rates of breastfeeding initiation, continuation, and exclusivity until infants' discharge from 2006 until 2016. The second objective was to examine the extent to which the following characteristics were associated with breastfeeding initiation and continuation in opioid-exposed mother-infant dyads: (1) maternal and infant characteristics associated with breastfeeding in non-opioid exposed dyads; (2) maternal factors associated with women with OUD; and (3) hospitallevel initiatives to improve breastfeeding rates.
Materials and Methods

Design, setting, and sample
We studied a retrospective cohort of mother-infant dyads exposed to opioids during pregnancy that delivered between 2006 and 2016 at Boston Medical Center (BMC), a large, urban, safety-net hospital in Boston, Massachusetts. During this time, pregnant women with OUD were cared for in a multidisciplinary program that provides obstetrical care, addiction treatment, and mental health services called Project RESPECT (Recovery, Empowerment, Social Services, Prenatal Care, Education, Community, and Treatment). Obstetrical providers in Project RESPECT have been partnering with local methadone clinics for more than 25 years and have been prescribing buprenorphine treatment since 2006. Approximately 2,800 infants are delivered at BMC annually, with 100 infants born to mothers receiving treatment for OUD (36 infants/1,000 live births). BMC has maintained Baby-Friendly designation since 1999, with more than 95% of non-opioid exposed dyads initiating breastfeeing. 15, 16 For this analysis, we restricted our cohort to the first delivery among opioid-exposed mother-infant dyads who delivered between January 1, 2006 and December 31, 2016. All variables were collected by retrospective medical chart review or pulled from the Boston University Clinical Data Warehouse and entered into a secure electronic database. The institutional review board at Boston University Medical Campus approved this study.
Inclusion criteria
Breastfeeding eligibility was determined from the electronic medical record, including prenatal, pediatric, and lactation specialist notes, and was based on specified hospital guidelines ( Table 1 ). The first written institutional guidelines specifying recommendations for breastfeeding among mothers with OUD were developed in 2006, and were subsequently updated in 2010 and again in 2015, based on hospital experience and recommendations by the Academy of Breastfeeding Medicine and American College of Obstetrics and Gynecology. 5, 7, 16 Criteria specified participation in an addiction recovery program, time spent participating in prenatal care, and lack of illicit or nonprescribed substances on urine toxicology testing ( Table 1) . Additional contraindications to breastfeeding since 2006 have included mothers with HIV, open herpes lesions on the breast, hepatitis C positive with cracked bleeding nipples, or other prescribed medications known to be harmful in breastfeeding.
Main outcomes
The main outcomes were as follows: (1) breastfeeding initiation, defined as any breast milk given or direct breastfeeding during the hospitalization; (2) continuation until discharge, defined as any breast milk or direct breastfeeding in the 24 hours before infant discharge; and (3) exclusive breastfeeding, defined as only breast milk given or direct breastfeeding during the entire infants' hospitalization.
Main exposures
We assessed hospital, maternal, and infant characteristics as exposures. Hospital characteristics were measured using delivery period as a proxy for the implementation of specific hospital-based initiatives focused on breastfeeding support for substance-exposed dyads and changes to criteria in breastfeeding guidelines, outlined in detail in Table 1 . In addition to breastfeeding guideline changes highlighted above, there were several hospital initiatives implemented during our study period. First, in 2010, a brochure listing the benefits of breastfeeding was distributed to expectant mothers with OUD in Project RESPECT. Next, in early 2013, a multidisciplinary committee began working on improving outcomes for infants with NAS, in coordination with a statewide QI collaborative. 17 This led to greater awareness of the importance of nonpharmacologic treatments for NAS, such as breastfeeding. Starting in 2015, the committee actively focused on several breastfeeding initiatives, including further revision of breastfeeding guidelines (enacted April 2015), a mandatory online educational module on breastfeeding in the setting of OUD for all physician and nursing staff caring for this population, and active face-to-face prenatal education with mothers where medical students discussed breastfeeding benefits and determined breastfeeding intent. The committee also worked to promote nonpharmacologic measures, including time spent skin-to-skin and rooming-in, and improve ongoing lactation support after the mother was 2 SCHIFF ET AL.
discharged, but the infant was still admitted, to target breastfeeding continuation.
Maternal demographics included age at the time of delivery, race/ethnicity, maternal insurance, hypertension during pregnancy, smoking, opioid medication treatment at delivery, psychiatric diagnosis, psychiatric medications, hepatitis C status, and mode of delivery. Infant characteristics included birth weight, gestational age at birth, and length of hospitalization (days).
Data analysis
Data were analyzed in SAS Version 9.3. Rates of breastfeeding eligibility, initiation, continuation, and exclusivity until infants' discharge by delivery year were calculated. Hospital, maternal, and infant characteristics among dyads that did and did not initiate and continue breastfeeding until discharge were compared using chi-square tests for categorical variables and t-tests for continuous variables. Logistic regression was used to examine associations between breastfeeding initiation and continuation using three different models. Unadjusted and adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were calculated. Model 1 evaluated unadjusted associations. Model 2 examined factors known to be predictors of breastfeeding in non-opioid exposed mothers and factors associated with OUD. Model 3 included all the variables in Model 2 plus four time intervals from 2006 to 2016 (1/2006-12/2009, 1/2010-12/2012, 1/2013-3/2015, and 4/2015-12/2016), representing specific changes in hospital breastfeeding eligibility guidelines and QI initiatives described above. No variables were found to be collinear (variance inflation factors all <1.5); thus, all variables were included in our regression models.
Sensitivity analysis
To examine whether maternal and infant characteristics changed over the 11-year study period, which could explain differences in breastfeeding initiation and continuation, rather than hospital-based practices that changed over the same period, we compared the characteristics during each of the four time intervals using chi-square tests for categorical variables and ANOVA tests for continuous variables. For all characteristics with statistically significant differences, a plausible interaction between time period and characteristic was considered. If a potential pathway for effect modification was identified, an interaction term was assessed, and if found to be significant, stratified models evaluating the characteristic within each time period were computed. Figure 1 shows a schematic of the study sample. Among 924 pregnant women receiving opioid agonist treatment at the time of delivery from 2006 to 2016, 564 (61%) met criteria to breastfeed per institution guidelines. Of those, 283 (50%) initiated breastfeeding, 187 (33%) continued breastfeeding until discharge, and 35 (6%) exclusively breastfed during the infants' hospitalization. Figure 2 shows proportion meeting breastfeeding guidelines, initiating, and continuing breastfeeding trending upwards from 2006 until 2016, as changes in hospital guidelines and initiatives to support breastfeeding for women with OUD were implemented. In 2006, only 54% met hospital guidelines and 21% initiated breastfeeding, compared with 79% who met guidelines and 45% who initiated breastfeeding in 2016.
Results
Overall, our cohort of women with OUD who met hospital breastfeeding guidelines were overwhelmingly of non-Hispanic white race (88%), received public insurance (94%), had high rates of co-occurring psychiatric diagnoses (70%), and smoked cigarettes during pregnancy (77%). More than half of mothers had a diagnosis of hepatitis C (62%). Just over half received methadone (54%) as the primary medication treatment for their OUD, and the remainder received buprenorphine (46%) at the time of delivery. Table 2 presents the characteristics of the sample, comparing opioid-exposed mother-infant dyads who chose to initiate breastfeeding and continue until hospital discharge with those who did not. Table 3 presents the results of our unadjusted and adjusted models. In the unadjusted logistic regression models, maternal buprenorphine treatment (versus methadone) was positively associated, and infant preterm birth <34 weeks (versus ‡37 weeks) and low birth weight <2,500 g (versus ‡2,500 g) were negatively associated with breastfeeding initiation, but these did not reach significance in our final adjusted model. In addition, in the first adjusted model (Model 2), maternal white race was negatively associated with breastfeeding initiation, but this did not retain significance once delivery year was added into the model. In our sensitivity analysis evaluating the four different study periods, there were statistically significant differences in maternal age, race/ethnicity, psychiatric conditions and treatment, medication for addiction treatment, and infant length of stay ( Supplementary Table S1 ; Supplementary Data are available online at www.liebertpub.com/bfm). However, only for type of maternal opioid agonist treatment during pregnancy could a plausible mechanism for effect modification be hypothesized. In the middle of our study period, the results of a multicenter randomized control trial were published finding improved neonatal withdrawal outcomes using BREASTFEEDING AMONG OPIOID-EXPOSED DYADS 5 buprenorphine compared with methadone. 18 This likely contributed to the increased buprenorphine use during pregnancy at our institution, from 20% before 2010 to over 50% in 2015-2016 ( Supplementary Table S1 ). Given this plausible mechanism for effect modification, an interaction term comparing type of medication treatment and study period was added to the model, which was found to be significant in the model of breastfeeding initiation only. Thus, four stratified models by period for breastfeeding initiation were evaluated. During the first study period between 1/2006 and 12/2009, mothers receiving buprenorphine had 4.5 times the odds of initiating breastfeeding compared with moms receiving methadone. After 2010, there was no significant difference in breastfeeding initiation by type of medication treatment ( Supplementary Table S2 ).
Discussion
In our study of more than 500 opioid-exposed motherinfant dyads who met institutional criteria for breastfeeding, only half initiated and a third continued breastfeeding until their infant's discharge. These rates increased over the study period in the setting of multiple revisions in hospital breastfeeding guidelines and concerted efforts to improve breastfeeding support for mothers with OUD. Hospital-level changes and initiatives, measured using delivery year as a proxy, were most strongly associated with breastfeeding initiation. After adjusting for delivery period, cesarean delivery and length of stay were the only characteristics predictive of breastfeeding continuation, while other characteristics associated with breastfeeding among non-opioid exposed populations, including race and gestational age, and factors associated with OUD such as type of opioid agonist medication and hepatitis C status were not.
While the rates of breastfeeding improved at our institution over time, starting at 38% in 2006 and increasing to 56% in 2016, these rates remain significantly lower than national estimates for all mothers of greater than 80%. 19 Even more stark was the rate of breastfeeding exclusivity of 6% at the time of infants' discharge, which is considerably lower than the national estimate for all mothers of 40% at 3 months. 19 These suboptimal rates occurred within a Baby-Friendly designated hospital, with long standing adoption of breastfeeding support practices. Rates of breastfeeding among opioid-exposed dyads at our institution fit within the range of previously published U.S.-based studies on opioid-exposed dyads, all based on dyads from a single hospital, clinic, or addiction treatment program, with ranges of breastfeeding initiation of 24-81%. [20] [21] [22] [23] This wide range is similar to published studies from Canada and Europe, with initiation rates ranging from 17% to 77%. 4, [24] [25] [26] [27] [28] Fewer studies have reported data on continuation of breastfeeding until or past an infant's hospital discharge, but published rates range from 11% to 66%. 20, 23, 26, 29 Given the substantial health benefits for infants with NAS who receive breast milk, identification of factors associated with breastfeeding success in this vulnerable population represents a key opportunity for improved infant outcomes. In our multivariable model, hospital characteristics, measured using delivery year as a proxy, were the strongest predictor of breastfeeding initiation, suggesting that the hospital environment can have a substantial impact. We speculate that the confluence of expanded criteria for encouraging breastfeeding for pregnant women with OUD, hospital QI efforts to improve outcomes for infants with NAS, and structured, face-to-face prenatal breastfeeding education at our multidisciplinary prenatal clinic have contributed to the increasing breastfeeding rates over the past decade.
The creation and updating of breastfeeding eligibility guidelines over time required collaboration of investment across multiple disciplines. Decisions to update the guidelines were prompted by frustration or lack of clarity in current practice. Professional organization guidelines recommend a range of time between 30 and 90 days without illicit drug use before delivery, as the current literature does not conclusively support one time period over another. 5, 7 We hypothesize that the process of reviewing and updating the guidelines to relax restrictions in illicit use from 90 days before delivery down to 30 days before delivery led to engagement by staff and further education on the importance of breastfeeding in this population, which translated to a more supportive hospital culture focused on breastfeeding success. 16 Grossman and colleagues recently changed their breastfeeding guidelines to encourage breastfeeding among all mothers with OUD who had no measure of illicit drug use at the time of delivery only. They found, as we did, that changes in guidelines led to substantial increases in breastfeeding, as infants receiving at least 50% breast milk at the time of discharge increased from 20% to 42%. 23 Additional research is needed to understand the impact of discouraging women who may be motivated to breastfeed, but do not meet strict hospital breastfeeding guidelines based on illicit use before delivery. There is a need to carefully balance the benefits of in-hospital breastfeeding initiation in reducing NAS severity, with concern for potential postpartum illicit drug use in mothers recently in recovery.
In addition, our involvement with a statewide QI effort yielded a heightened level of engagement by our hospital to improve the care of opioid-exposed mother-infant dyads. Our team focused on improvements in prenatal education, continued skin-to-skin care, rooming-in, and lactation support after the mothers are discharged. Our success in promoting these efforts was aided by our multidisciplinary QI team and a dedicated, comprehensive prenatal care model where prenatal education efforts could be concentrated, rather than requiring education across multiple providers and practices. Unfortunately, our institution did not track individual receipt of prenatal education and was not able to make comparisons to evaluate our educational interventions at an individual level. Crook and colleagues, however, evaluated the impact of Baby-Friendly status and a three-session, group-based, prenatal education program for pregnant women with OUD on the breastfeeding rates at their institution. They found no statistically significant differences in rates of any breastfeeding among the three groups, but may not have been underpowered to see an effect. 30 We found that the proportion of women receiving buprenorphine treatment at delivery increased during the study period, likely influenced by changing prescribing patterns following the results of a study that showed improved neonatal outcomes with buprenorphine. 18 In our sensitivity analysis, buprenorphine treatment was associated with increased odds of breastfeeding initiation compared to methadone treatment in the earliest study period, but this finding BREASTFEEDING AMONG OPIOID-EXPOSED DYADS 7 was not significant in later years or in the final multivariable model. This finding is consistent with some, 31 but not all previous studies of opioid-exposed mother-infant cohorts. 4 In our cohort, it is also possible that some of this effect is due to unmeasured confounders of maternal addiction severity, rather than the difference in the treatment medications themselves, 32 as methadone treatment has been the preferred treatment option for mothers who have struggled in their recovery during pregnancy at our institution. 33 Thus, the decision to not initiate breastfeeding may have been more related to length of time in treatment or time since last relapse, which are markers for stability in recovery. 34 In addition, before 2001, the American Academy of Pediatrics did not recommend breastfeeding for mothers taking more than 20 mg of methadone, which excluded the majority of women receiving methadone treatment for OUD. 35 Misperceptions about the safety profile of breastfeeding while taking methadone may persist. With respect to maternal and infant characteristics, only cesarean section and increasing length of infant's hospitalization were negatively associated with breastfeeding continuation, while a host of other maternal demographic and medical factors were not. We hypothesize that, in the opioidexposed population, factors that contribute to breastfeeding initiation and continuation are even more complex than the non-opioid exposed population, and many of these factors may not have been captured in our analysis. For example, among opioid-exposed dyads, the time each mother spends at the infants' bedside after her discharge, while her infant is still admitted, performing skin-to-skin and directly breastfeeding depended on various factors, including competing demands from treatment programs. 36 Next, breastfeeding success may be dependent on an infant's ability to latch successfully, which can be impaired if withdrawal symptoms are severe. 37 In addition, rates of prior trauma in the form of domestic violence and/or sexual abuse among women with OUD are high, which may adversely affect views and success of breastfeeding. 38, 39 Finally, negative staff perceptions and stigma toward mothers with OUD, even in our Baby-Friendly institution with rooming-in for opioid-exposed dyads and a prenatal clinic caring for pregnant women with OUD, may have led mothers to feel less welcome at the bedside and contributed to early discontinuation of breastfeeding.
Limitations
Our retrospective cohort comes from a single-site, urban academic center, with a unique multidisciplinary prenatal program and large volume of infants with NAS, which may limit the generalizability of our findings; however, existing studies also predominately come from single centers. We were not able to closely track process measures that were part of our breastfeeding initiatives such as maternal receipt of active or passive prenatal education, staff and parent perceptions of breastfeeding, time spent in skin-to-skin or rooming-in, and lactation specialist support following maternal discharge. Rather, since these changes took place at a hospital level, we relied on delivery period as a proxy measure for these initiatives. At our institution, delivery period was a good proxy for hospital-level initiatives because of the dedicated prenatal clinic caring for mothers with OUD, ensuring prenatal education, and policy-driven newborn practice with a small number of providers involved, ensuring practices were universally adopted. Other factors that also contribute to breastfeeding success that we did not measure included breastfeeding intent, measures of infant's ability to latch and feed, or impact of a previous breastfeeding experience. Despite these limitations, we were able to track breastfeeding initiation, continuation, and exclusivity among a large sample of opioid-exposed dyads over a relatively long time period. We were also able to examine a diverse range of maternal and infant factors, including opioid agonist received during pregnancy.
Conclusion
Given the current opioid epidemic and specific health benefits of breastfeeding opioid-exposed infants, this study serves as an early investigation of hospital-, maternal-, and infant-level predictors of initiation and continuation of breastfeeding. Focusing on implementation of hospital guidelines that encourage breastfeeding among opioid-exposed mother-infant dyads, and specialized programs to support breastfeeding among this population may have the most impact on improving low initiation and continuation rates among women with OUD.
